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Wideband carrier operation 
	R4-1903175: 
Wideband operation at UE for NR-U

Huawei, HiSilicon
	Proposal 1: Two kinds of requirements need to be specified for UE receiver in-carrier selectivity, 
1. one is similar as ACS requirement with subband filter, the guard band at sub-block edge should reuse the guard band for the corresponding channel bandwidth. No guard band is needed within the sub-block.
2. the other is more relaxed without subband filter, the interference level, wanted signal level and guard band at sub-block edge are FFS. No guard band is needed within the sub-block.
Proposal 2: Several symbols are needed to complete the baseband filter reconfiguration. This time does not consider any demodulation time.
Proposal 3: Two kinds of requirements need to be specified for UE transmitter in-carrier leakage, 
1. one is similar as ACLR and SEM requirements with subband filter, the guard band at sub-block edge should reuse the guard band for the corresponding channel bandwidth. No guard band is needed within the sub-block.
2. the other is more relaxed without subband filter. No guard band is needed within the sub-block.
Proposal 4: Both above two kinds of requirements need to consider carrier leakage exception requirement.
Proposal 5: Reuse Wi-Fi approved in-carrier leakage requirement also for NR-U UE as in Figure 1~3, without dedicated guard bands at the sub-block edge but with exception of carrier leakage defined in current specification.


	R4-1904618: 
Guardbands for NR-U wideband operation

Qualcomm Incorporated
	Observation:  Guard bands appear to be required on sub-band edges adjacent to the channel edge as well as those adjacent to unallocated sub-bands.  The width of the guard band in part on the Tx and Rx requirements.
Observation:  In a semi-static sub-band configuration, guard bands are not required at internal interfaces between contiguously allocated sub-bands.  In a dynamic sub-band configuration, guard bands are required even at the internal interfaces.


	R4-1903176: 
Wideband operation at BS for NR-U
Huawei, HiSilicon
	Proposal 1: Reuse Wi-Fi approved in-carrier leakage requirement also for NR-U BS as in Figure 1~3, without dedicated guard bands and switching time reserved. The guard band at sub-block edge depends on UE RX conclusion.


	R4-1904637: 
Discussion on wideband carrier operation for NR-U

Nokia, Nokia Shanghai Bell
	Observation-1: A pulse shaping (a form of base-band filtering) at transmitter can be used to meet ACLR requirements. 
Observation-2: Adaptation of transmit bandwidth and pulse shaping can be performed within 4-5us after LBT.
Observation-3: The adaptation of base-band filtering (pulse shaping) at the transmitter is feasible given the LBT at the beginning of the COT. Transmissions within a COT other than the initial transmission may contain PDSCH in guard bands between adjacent channels with positive LBT.  
Observation-4: For reception of DL signals with guard-bands between adjacent sub-channel, the reception challenges for wideband BWP are no different to LTE LAA CA. 
Observation-5: For reception of DL signals with omitted guard-bands between adjacent sub-channel, the base-band digital filter adaptation delay (if needed) should be significantly shorter than BWP switching.
Proposal-1: Send LS to RAN1 with at least the following:
· Transmission and reception of DL signals with guard-bands between adjacent sub-channel with positive LBT outcome is feasible without adaptation delay.  
Proposal-2: Reply to RAN1 that Option 3 with single sub-band gap is feasible, and that the requirements for this case can be based on requirements defined for two corresponding contiguous transmissions/receptions.
	FFS: digital filter adaptation delay (if needed)


	R4-1904375: 
Discussion on wideband carrier operation for Rel-16 NR-U

Ericsson
	



Summary:
Modes of single wideband carrier operation: 
· Single wideband carrier when LBT is successful in all LBT sub-bands
· Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous 
· FFS Need filter adaptation
· FFS if it is feasible at BS and UE?
· FFS: adaptation time
· FFS: if guardband needed in-between the LBT sub-bands (within the wideband carrier) 
· Single wideband carrier when LBT is not successful in one of the LBT sub-bands inside the wideband carrier
· Need in-carrier leakage and blocking requirements
· FFS if it is feasible at BS and UE
· FFS how to specify this in RAN4
· FFS: if guardband needed in-between the LBT sub-bands (within the wideband carrier) 
LTE-LAA CA can be used as baseline for NR-U wideband operation via CA 
[image: example LBT cases] 
Discussions:
Qualcomm: does it mean no internal gurdband for the first mode? 
Nokia: No. 
Qualcomm: Is this for UL or DL? 
Nokia: At least for DL. 
Huawei: Both for DL and UL. 
Nokia: The LS is for DL only, so focus the discussion on DL only.
LG: Probably we should split the discussions between UL and DL
Ericsson: Is LBT measured over 20MHz or something else?
Nokia: This is RAN1 discussion, no difference wrt LAA. 
Charter: What does it mean?
Nokia: RAN1 does not so far see any issue to do anything else compared to what is done with LAA.
On Mode: Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous 
Nokia: If the gurdbands are not scheduled, the adaptation delay is very small from gNB side (~4-5us). Adaptation is needed if gurdband is scheduled or if not scheduled. 
	Charter: What is the adaptation time if guardband is scheduled?
Nokia: Not possible in the first TTI, but possible in following TTIs with pulse shaping 
Huawei: Is only feasible under the condition that BS has specific in-carrier emission requirements. 
LG: By ACLR, does it mean NR type ACLR or Wifi-like ACLR? 
Ericsson: Requirements are not yet clear. 4-5us adaptation delay may not be feasible.
Nokia: The ACLR applies on each 2MHz carrier. 
Qualcomm: 4-5us does not apply to this since activation takes much longer.
Nokia: Scell activations are not considered here. Only adaptation is done. Pulse shaping can be used to adapt the filter. 
Qualcomm: What is the consideration on the UE being able to receive in adapted wideband carrier? If scheduling based in UE-side, it should be okay. Changing baseband filter in UE happens on RRC-timeframe. 
Skyworks: If 80MHz wideband operation, can we assume, UE only meet the requirements related to 80MHz?
Nokia: Need input from UE vendors if adaptation time is needed if guardbands are scheduled gNB ever?
	Qualcomm: There will be a need for adaptation time. Need to understand the assumption further before we can decide on whether this mode is feasible or not.
Nokia: If guardband is never scheduled by gNB, then what does UE do? 
Qualcomm: No adaptation in that case.
Ericsson: Depends on how we specify the requirements for the wideband operations. This may not be possible from gNB side since there are relevant rerquirments in ETSI HS.
LG: Mode 2 is feasible at least if no gaurdband is scheduled by gNB.
Mode 3: Single wideband carrier when LBT is not successful in one of the LBT sub-bands inside the wideband carrier
Nokia: Mode 2 agreements can be agreed on mode 3. Mask can be satisfied within the 20MHz chunks where LBT fails
Huawei: WiFi-like 20dBc suppression can be achieved.
Qualcomm: Will the same mode be needed in UL?
Nokia: Lets focus on DL now. 
Dish: Within COT, the change of the UL transmission may require moving 1dB MPR to 10dB MR as an example. 
LG: We may not need stringent leakage and blocvking requirement within the LBT sub-band where LBT fails.
Ericsson: Do we need ETSI-mask or WiFi preamble like mask?
LG: WiFi-mask may mean 3GPP will not see any bigger issue compared to WiFi.
Ericsson: ETSI-mask is more stringent. Not sure if this is discussed in IEEE. We need to meet the harmonized standard requirement at least for operation in Europe. 
Huawei: is the mask regulated for in-carrier leakage? 
Qualcomm: Is WiFi failing regulatory standards? 
Ericsson: according to current understanding, if ETSI mask is not followed, the regulations are violated.
Skyworks: Should we define the stringent requirement among all regional requirements? 
Ericsson: We have four different NS for LAA to reflect the regional requirement. 
LG: It could be good at for RAN1 if there is a response at least for DL part. 
Huawei: Feasible if we use WiFi-like requirement is used for mode 3.
Charter: Need to make an assumption that its feasible, and based on the data, we can confirm that is feasible. 
LG: It will not be reasonable to say it is not feasible since WiFi meets these requirements. 
Ericsson: We cannot define if something is feasible or not, if we do not know what requirement will apply. Can we just use preamble puncturing mask and still satisfy the regulatory requirements? This need to b discussed. We also need to define the tests in 3GPP. 
Nokia: Nokia has shown that this is feasible in our paper. We did not see any disagreement that this is not feasible. There are no objection if wifi-like requirements are used.
Ericsson: Several points have been raised on Nokia paper. 
LG: Possibly, RAN4 should not we take this stand to strongly so early that Mode 3 is feasible, at the same time, we should not say that this is not feasible. Instead, we should look into the requirements.
Ericsson: We need to study this further and then decide which requirements are needed, and we can be done by BS and UE. We can send agreements in mode 1 and mode 2 in reply LS.
Huawei: We can include a sentence that, feasible if WiFi like requirement is used.
Ericsson: Is the understanding that, WiFi-like requirement can be met with no gurdband next to LBT sub-bands where LBT fails.
Agreements:
RAN4 has discussed NR-U single wideband carrier operations. The following agreements apply at least for DL wideband carrier operation. RAN4 will discuss UL wideband carrier transmissions in future. 
· It is feasible to operate single carrier wideband operation when when LBT is successful in all LBT sub-bands
· FFS whether guardbands are needed in between LBT sub-bands or not

· Mode 2 (Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous) is feasible at least if PRBs within the gaurdband of two contiguous LBT sub-bands are not scheduled by gNB.
· FFS filter adaptation time if PRBs within the gaurdband of two contiguous LBT sub-bands are scheduled by gNB.
· is feasible at least for WiFi-like requirements for in-carrier leakage (e.g. 20dbr).
· FFS what regional regulatory requirements apply in LBT sub-bands where LBT fails. 
· RAN4 will investigate the feasibility whether regional regulatory requirements are met or not for in-carrier leakage.
· Mode 3 (Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are non-contiguous) 
· is feasible at least if PRBs within the gaurdband of two contiguous LBT sub-bands are not scheduled by gNB. 
· is feasible at least for WiFi-like requirements for in-carrier leakage (e.g. 20dbr).
· FFS what regional regulatory requirements apply in LBT sub-bands where LBT fails. 
· RAN4 will investigate the feasibility whether regional regulatory requirements are met or not for in-carrier leakage. 
· FFS what level of in-carrier leakage and blocking requirements can be met at the BS and UE
· FFS how to specify this in RAN4
· FFS filter adaptation time if PRBs within the gaurdband of two contiguous LBT sub-bands are scheduled by gNB.



LS reply to RAN1 on wideband operation
	R4-1904632: 
LS reply on wideband carrier operation for NR-U

Nokia, Nokia Shanghai Bell
	•	Transmission and reception of DL signals with guard-bands between adjacent sub-channel with positive LBT outcome is feasible without adaptation delay.  

•	Option 3 with single sub-band gap is feasible, and that the requirements for this case can be based on requirements defined for two corresponding contiguous transmissions/receptions. FFS: digital filter adaptation delay (if needed).

	R4-1904376: 
Reply LS on wideband carrier operation for NR-U

Ericsson
	It is easier to meet the ETSI spectrum mask if the channel filter is modified to fit the active BWP, the emission requirement must be met in the LBT subbands within BWP where LBT is not successful. This implies filter reconfiguration (or can imply) between COT (i.e. between two different LBT instances) for the wideband/BWP approach. 

For both UE and gNB, usually the filter bandwidth is equal to total carrier bandwidth which is wideband in this case. For options that allow non-contiguous transmissions from either the gNB or UE, the filter needs to include attenuation within the filter passband at the “gaps” where CCA fails, which can be challenging for 5GHz. Feasibility studies from filter design point of view needs to be done for 5GHz if new flexibilities (e.g., adaptivity, etc.) in filter performance are required.

The CA approach has the advantage that each 20 MHz channel configured (the same bandwidth as an “operating channel” in the ETSI-standard) can be filtered without reconfiguration. This applies for both BS and UE.

For CA with multiple cells, the selectivity and in-band blocking requirement will be improved for each of the CC activated in a given COT compared to wideband/BWP approach, unless the filter bandwidth is reconfigured to fit subbands within the BWP where LBT is successful in the wideband/BWP approach

When a number of carriers are aggregated in CA mode, depending on the design, the PRBs can be allocated in the gap between carriers. Note that, the channel spacing is also specified in the harmonized standard so there are no flexibility available. However, the wideband/BWP method requires (or may require) filter reconfiguration and thus increased time between COTs.



Discussions:

Agreements:

Reply LS to RAN1:
Nokia will prepare the reply LS draft.
UE requirements for NR-U 
	R4-1904360 
WiFi PA measurements for NR-U operation in the 5925-7125MHz range
Skyworks Solutions Inc.
	Observation 1: From Table 1, it can be seen that PA output power capability is constant across 20,40 and 80 MHz CBW. A minimum of 0.3 to 0.4 dB MPR is required to support 160 MHz CBW operation.
Observation 2: From Table 1, it can be seen that a minimum of 1.6 dB PA back-off is required to support CP-OFDM vs DFT-S-OFDM.
Observation 3: From Table 2, it can be seen that 802.11ax SEM is less stringent than NR ACLR requirement: the PA is capable of delivering 0.6 to 0.8 dB more power using 802.11ax SEM.
Observation 4: From Table 2, it can be seen that the PA is able to deliver slightly more power (0.4 dB) for NR QSPK DFT-S-OFDM waveforms than for 802.11ax QPSK waveforms at CBW 20,40 and 80 MHz. At 160 MHz, NR QPSK CP-OFDM can be transmitted at 0.4 dB lower power than 802.11ax, while DFT-S-OFDM QPSK waveforms can be transmitted with nearly 1 dB more power than 802.11ax. It should be noted that WiFi maximum power at 160 MHz has been optimized by carefully selecting PRBS data bit streams so as to minimize bit pattern spurious emissions.
Observation 5: Since only 2.6 dB post PA losses are assumed, the re-use of WiFi state of the art PA might require the introduction of a 20dBm power class capability.
Observation 6: QSPK CP-OFDM PRB interlaced waveforms exhibit 1.6 to 1.8 dB higher PAPR than QPSK DFT-S-OFDM PRB interlaced waveforms. A minimum of 1 dB MPR is required to support CP-OFDM interlaced waveforms. Since PSD decreases with increasing operating CBW, MPR for PRB frequency-based interlaced waveform should be CBW dependent.

	R4-1904617
NR-U UE general Tx requirements approach	Qualcomm Incorporated
	Proposal 1:  Define both PC3 (23 dBm) and PC5 ([20] dBm) power classes for NR-U, with priority given to PC5.
Proposal 2:  A reference waveform and PA model calibration setpoint are needed.  It is proposed that for the purpose of aligning simulations, a fully allocated, QPSK modulated DFT-S-OFDM signal is used as the reference waveform.
Proposal 3:  ACLR of 25.5 dB is considered as starting point for PC5 NR-U.
Proposal 4:  Consider reusing NR general SEM and spurious emissions, subject to resulting MPR and with consideration for wider bandwidths and higher SU, especially for the requirement in the 0-1 MHz offset range.
Proposal 5:  Reuse NR EVM requirements according to modulation supported. 
Proposal 6:  Study which modulations shall be defined in RAN4 specifications for NR-U.
Proposal 7:  Carrier leakage and IQ image at 5 GHz and 6 GHz are -25 dBc for transmit power levels above 10 dBm for the initial studies.  Whether the final specification can be -28 dBc is still to be investigated for feasibility.
Proposal 8:  Either an in-band emission or an in-gap emission requirement is to be considered.  If decided to be required, only one of these shall be specified.  



Discussion:
Not discussed.
Agreement:


BS RF requirements
	R4-1904071
NR-U and BS RF Transmit Requirements	
Ericsson
	Proposal 1: No such specified test for RE power control dynamic range is required for NR-U.
Proposal 2: NR-U requirements should consider 1-C as a starting point and further consideration 1-H and 1-O if applicable for NR-U.

	R4-1904072
NR-U and BS RF Receiver Requirements
Ericsson
	Proposal 1: Reuse FRC from NR to be applied to NR-U 
Proposal 2: Consideration from LAA and NR as inputs towards REFSENS value and dynamic range interferer power signal and wanted signal.  For both up to 20 MHz and considerations of a new value for larger BWs.
Proposal 3: Study on specifics for in band selectivity considering the different noise level characteristics.
Proposal 4: NR-U requirements should consider 1-C as a starting point and further consideration 1-H and 1-O if applicable for NR-U.



Discussion:
Not discussed.
Agreement:
5GHz band plan and channelization
	R4-1903173
Channel arrangement for NR-U
	Huawei, HiSilicon
	Proposal 1: It is proposed 40MHz, 60MHz, 80MHz and 100MHz single carrier channel bandwidth are specified for NR-U in Band n46.
Proposal 2: NR-ARFCN for NR-U in Band n46 are proposed to be defined as in Table 2.

	R4-1904338
Bandplan and channelization for NR-U in 5GHz
	Ericsson
	Proposal 1: It is proposed that no subbands should be defined for band n46   
Proposal 2: For UE conformance testing, 5350-5470 MHz is exempt from testing.
Proposal 3: Define 20MHz CBW for band n46.
Proposal 4: NR-U channel raster needs to be aligned with LTE LAA and wifi to gain optimum LBT performance.
Proposal 5: Use the channel raster and corresponding Nref in table 1 for the NR-U channel raster for 5GHz band.
Proposal 6: The NR-U channel access structure in 5GHz spectrum for Type B multi-carrier transmission shall   follow ETSI BRAN spec EN 301 893.

	R4-1904633
Discussion on channel bandwidths for NR-U
	Nokia, Nokia Shanghai Bell
	Observation 1. Introduction for NR-U 10 MHz channel bandwidth is not needed at the time being.

Proposal: Define NR-U channel bandwidths of 20MHz, 40 MHz, 60 MHz, 80 MHz and corresponding RB grid such that NR guardbands for temporal BWPs are met and 
•	GBs between sub-bands are full PRBs
•	Sub-bands are on the common PRB grid determined by Point A
•	Temporal BWPs configured on the carrier are nested and aligned with the edges of the sub-bands



Discussion:
Not discussed.
Agreement:


6GHz band plan:
	R4-1904339
Discussions on bandplan for NR-U in 6GHz 

	Ericsson
	Proposal 1: Specify a band for unlicensed usage within 5925-6425MHz spectrum.

Observation: There are interests in licensed use of the 6425-7125 MHz band and a possible IMT allocation may follow in future.

	
	
	



Discussion:
Not discussed.
Agreement:
Spectral utilization
	R4-1903174
Spectrum utilization improvement in unlicensed bands
	Huawei, HiSilicon
	Observation 1: For 20MHz bandwidth with 60 kHz SCS, increasing the number of available RBs to 26 does not violate transmitter spectrum mask, and is beneficial for the interlace design in NR-U.
Proposal 1:  RAN4 should consider to increase number of PRBs (e.g. 26 PRBs) for 20MHz carrier bandwidth configured with 60 kHz SCS to improve the spectrum utilization.  

	R4-1904636
Discussion on spectrum utilization for NR-U
	Nokia, Nokia Shanghai Bell
	Proposal: It is proposed to reuse NR spectrum utilization for supported by NR-U channel bandwidths and subcarrier spacing combinations.



Discussions:
Not discussed.
Agreements:

Specification structure
	R4-1903431
Specification structures for TS 37.106 on UE requirements for NR-U channel access
	OPPO

	R4-1904634
Required changes for TS 37.107 specification for NR-U introduction
	Nokia, Nokia Shanghai Bell

	R4-1904635
Required changes for TS 38.104 specification for NR-U introduction
	Nokia, Nokia Shanghai Bell

	R4-1904156
RRM specification structure for NR unlicenced	
	Ericsson

	R4-1904157
Agreements on specification structure for NR-U RRM in 38.133 and 36.133
	Ericsson



Discussion:
Not discussed.
Agreement:
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